INTRODUCTION
One approach of reducing the noise generated internally is to acoustically treat the walls of the duct systems. Acoustic liners can be broadly classified into point-and bulk-reacting liners. effects of a uniform mean flow, an arbitrary inclination of the fibers with respect to the duct axis, and a cellular backing cavity. In this paper, we extend the latter analysis to circular ducts.
I. PROBLEM FORMULATION
The problem considered is that of acoustic waves propagating in an acoustically treated semi-infinite circular duct carrying a uniform mean flow. The acoustic liner consists of a homogeneous, rigid, anisotropic porous material followed by cellular cavities and backed by the impervious wall of the duct (see Fig. 1 ).
The problem is formulated by setting up the governing equations describing the wave propagation within the duct, the porous material and the cavities and the corresponding boundary conditions. We make lengths, time, and pressure dimensionless by using to, to/ca, and Pac], respectively. Here, r 0 is the radius of the duct, ca is the sound, and Pa is the ambient density.
A. Governing equations within the duct
Each flow quantity is assumed to be the sum of a uniform steady mean quantity and a nonuniform unsteady quantity.
For sinusoidal, inviscid, acoustic waves, the dimensionless acoustic pressure can be expressed in cylindrical coordinates as the superposition of the nor- 
where the subscripts p and c refer, respectively, to the porous material and cavities, and the quantities without subscript refer to the duct. Equations (21), These figures show that for a fixed liner depth and for the case of no-backing cavity, at low frequencies ansitropic liners are superior absorbents to isotropic liners and isotropic liners are in turn superior absorbents to point-reacting liners.
Moreover, the frequency range over which bulk-reacting liners are superior to point-reacting liners extends to much higher frequencies than the frequency range over which anisotropic liners are superior to isotropic liners. Furthermore, the frequency ranges over which anisotropic liners are superior to isotropic liners and bulkreacting liners are superior to point-reacting liners shift to lower frequencies for upstream propagation and shift to higher frequencies for downstream propagation. Figure 9 shows the effect of the backing-cavity model. In one case, the honeycomb cavities are modeled without accounting for the radial spreading, so that the cavity admittance is represented by -itancoh.
In the second case, the effect of the radial spreading is taken into account so that the cavity admittance is given in terms of Bessel functions as in Eq. (33). Figure 9 shows that considerable error can be introduced in calculating the attenuation if the radial spreading is ne- 
